The world's population is increasingly urban, with more than half the global population already living in cities. The urban population is particularly affected by increasing temperatures because of the urban heat island (UHI) effect. Increasing temperatures cause heat stress in people, even when not directly exposed to heat, since outdoor meteorological conditions also affect conditions inside, particularly in non-air-conditioned environments. Heat stress harms people's health, can impair their well-being and productivity, and may cause substantial economic losses. In this study, we investigate how people in urban areas across the Philippines are affected by heat, using data from 1161 responses obtained through an online survey. We found that almost all respondents (91%) are already experiencing heat stress quite severely and that the level of heat stress is correlated with population density. Controlling, in a multiple log it model, for variables commonly associated with heat stress, such as age, health, physical exertion and climate, we found that those least likely to be severely affected by heat live in areas with fewer than ∼7000 people per km 2 . Air-conditioning use at home relieved heat stress mostly for people in low-density areas but not where population density was high. The results provide evidence for the social impacts of increasing heat in urban areas, complementing understanding of well-known physical impacts such as the UHI effect.
Introduction
There is a 95% chance that global temperatures will increase by more than 2 degrees by 2100 [1] and extreme heat events such as heat waves and droughts are predicted to rise in frequency and severity as temperatures increase [2] . To date, around 30% of the world's population lives in areas in which the daily mean surface air temperature and relative humidity exceeds deadly thresholds for at least 20 days a year [3] . Under a Representative Concentration Pathways 8.5 (RCP 8.5) scenario, the pathway with the highest greenhouse gas emissions, this percentage is projected to increase to 74% by 2100. By that time, almost every day of the year is predicted to exceed deadly climate conditions in humid tropical areas such as the Philippines (under RCP8.5) [3] .
Extreme temperatures and heat waves have some of the most severe impacts of climate change on people [3, 4] . The impacts include health issues, ranging from severe heat stroke to a general decline in well-being from milder symptoms such as headache and fatigue [5] . Exposure to extreme heat has been most commonly linked to increased risks of cardiovascular and respiratory diseases [6] . Heat also has economic impacts, including the costs from reduced labour productivity from people feeling heat stressed and being compromised in their capacity to work [7] [8] [9] . Labour productivity and economic losses can also occur from a higher heat-related work accident frequency [10] . Other socio-economic impacts of heat include increased energy demand, mostly for air-conditioning [11, 12] , more crime and violence [13] and higher rates of migration [14, 15] .
Urban areas are particularly at risk from climate change, as heat increases are amplified by the urban heat island (UHI) effect [16, 17] . It is predicted that people in urban areas will be twice as exposed to heat increases as people in non-urban areas [18] . The share of the global population living in urban areas is expected to grow from 54% to two-thirds by 2050 [19] . South Asian and African cities will be the most exposed to heat over the coming century due to a combination of rapid population growth and an increase in extreme temperatures [18] . Megacities (more than ten million inhabitants) in low-and middle-income countries are particularly threatened by climate change because vulnerable populations and infrastructure are concentrated in high-risk areas [20] . The UHI effect in cities, especially those developing rapidly in Asia, can be substantial [21, 22] . Under a RCP8.5 climate change scenario, some of the world's cities may be as much as 4 • C warmer by 2050 and 7 • C higher by 2100 [23] , which could be higher if rainfall declines as predicted for cities like Manila in the Philippines [24] .
Although the UHI is well known, little research has been conducted on how urban populations are being affected by climate change in cities [25, 26] . To plan effectively for the future and to improve the capacity of the urban population to cope with heat, there needs to be a greater understanding of how cities need to be redesigned [27] and how people can adapt to increased heat [28] . To date, most research on heat stress has focused on labour intensive and/or outside activities (e.g. agriculture, military, mining, sports). However, outdoor meteorological conditions also have a strong influence on people who work inside [29] , such as most urban people, even if they have access to air-conditioning.
How thermal conditions affect people is most commonly assessed using measures based on temperature thresholds and the physiological ability of the human body to withstand heat. However, heat also affects emotions and mental function [30] . Thus, to understand how people adapt to heat also requires insight into their personal perceptions of heat, including acclimatization and coping mechanisms [31] . In this study, we assess heat stress among the urban population of the Philippines using a self-reported measure of heat impact ('heat stress') because this measure accounts for psychological aspects of heat stress such as acclimatization and belief systems that are known to affect responses to physiologically stressful heat [32] . The aim of our study was to assess the degree of heat stress among the urban population in the Philippines and to reveal factors that influence heat stress levels.
To date, studies of the impact of heat stress on the general public have been largely confined to OECD countries [e.g. 9, 32, 33] . This is the first study of its kind to investigate heat stress among the general public in a non-OECD country. The Philippines was selected as a case study because of its vulnerability to climate change impacts (see [34] ) and its growing and highly urbanized population: 45% of its population of 101 million people (2015 census) currently live in urban conditions, a proportion that is increasing more rapidly than almost any other country [35] . We focused on the urban population because this segment already generates more than 70% of the national GDP [35] so labour productivity losses and health issues arising from extreme heat will be particularly detrimental to the country's economy [36] . With a population of 22.4 million (in 2015), Metro Manila is the 10th most populated urban centre in the world, one of the fastest growing and, at 42 000 people per km 2 , among the most densely inhabited [37] . The UHI effect in Metro Manila is particularly evident in the most densely populated areas where it can result in temperatures 3.0 • C above expected levels [38] (for regional variation see table S1 in supplementary materials) available at stacks.iop.org/ERL/13/084009/mmedia.
Data and methods

Survey data collection and sampling
We recruited respondents via MicroWorkers. MicroWorkers is an online crowdsourcing platform which offers access to a large number of internationally widespread users (see e.g. [39] for a discussion). Users can register for free and we only sampled adult users from the Philippines. We started a 'Hired Group' campaign and through the platform letters of invitation were sent to users from the Philippines. The invitation letter contained a brief description of the topic, the names and organisations of the researchers and a link to an external online survey (designed in Qualtrics). We offered USD1 for completion of the survey. This incentive was paid into users' MicroWorkers accounts when providing a code which showed upon completion of the survey. On average, respondents took 12 minutes to complete the survey. Ethics approval was obtained from the Charles Darwin University Human Research Ethics Committee (H17033).
The campaign was open for nine months, between 15 May 2017 and 14 February 2018. During this time we constantly updated the group to whom the invitation was sent, i.e. new users from the Philippines. We aimed for 1000 valid responses and received 1225. Of these, 64 could not be used because they were largely incomplete, so our final sample size was 1161. The two reasons why the campaign was open for nine months were that data collection was slow, averaging four responses per day, and also that we wanted to cover a wide range of temperatures during the survey and avoid a narrow time horizon in which extreme heat might have occurred and potentially biased the responses.
While self-reported estimates need caution in their interpretation [40] , the bias to which they are subject was reduced by keeping the questionnaire simple, sampling a large number of people across a longtime horizon and by controlling for factors known to affect heat stress such as health, age, and gender.
Sampling bias related to differences in socio-economic background between our sample and national means, particularly regarding age, education and income, also needs to be considered in the interpretation of the results. For example, the nature of the survey mode (online surveys in general and crowdsourcing in particular) meant that the respondents were likely to be younger than the national average [41] . This could bias responses away from those most likely to feel heat stress since, in other countries, it has been shown that older people are particularly likely to suffer during extreme heat [42] . To confirm, this would need on the ground in-person interviews with older urban people in the Philippines. People in online surveys also tend to be well educated [41] and our sample is also unlikely to include the poorest people in the cities. More research and possible on-the-ground surveys with this group is warranted. Additionally, by targeting the urban population, we excluded the high percentage of people (25.4%) still occupied in the agricultural sector that mostly provides a very low income [43] . However, given that the Philippines is an emerging, rapidly urbanising country, we are confident that we sampled those likely to typify the future inhabitants of many Asian countries.
Questionnaire
The questionnaire (table S2 in supplementary materials) consisted of four parts, questions on: (1) heat stress perceptions, (2) daily activities and employment, (3) climate change beliefs and attitudes towards a range of environmental and social statements (the analysis of these was not the scope of this paper and these variables were not used here), and (4) socio-demographic background (age, gender, education, income, household situation, place of residence, health).
The We grouped respondents answering (i) and (ii) into a 'low' heat stress category, those answering (iii) and (iv) into 'medium', and those answering (v) into a 'high' category.
Population, density and climate data
Both population and land area were obtained from the Philippines Statistics Authority [44] . Census data were from the latest census in 2015. Climate classifications (based on Köppen-Geiger; figure S4 in supplementary materials) were obtained from the NASA Data Access Tool (SDAT) [45] .
Variables
The dependent variable was the level of heat stress, with three levels (low, medium, high). Variables indicating vulnerability to heat stress were used as independent control variables. These included individual or household socio-demographic characteristics relating to physical susceptibility to heat impacts, such as age, gender, health, physical exertion of daily activities and time spent outside [32, 42] and geographical variables such as the climate zone and the island group as proxies for the annual average temperatures of respondents' places of residence. Income was included as a known social factor that can increase susceptibility to heat stress [46, 47] and the use of air-conditioning at home and at work as measures of heat relief. Physical exertion was measured on a scale from 1 (very low) to 10 (very high) assuming that those who are usually physically active during the day in their jobs and leisure times are more likely to have been heat stressed. The same assumption was made for people who spend a large proportion of their day outside. The variable 'time spent outside' was measured in three categories: little time (about a quarter), moderate time (about 50%) and a lot of time (about three quarters).
Analysis
We used R [48] for all data analysis, notably the packages corrplot [49] for visualizing correlations and nnet [50] for estimating the multinomial logit (MNL) models.
Bivariate relationships between heat stress levels and other variables were examined with the 2 test, ANOVA and Kruskal Wallice (KW) test. We used Pearson's correlation and Spearman tests to assess the direction and strength of the relationships between the independent variables.
For multivariate analysis we estimated a series of MNL models. We started with an unrestricted model, including all relevant variables mentioned in the previous section (table S3 in supplementary materials). We then used the stepwise function in R, which, based on the Akaike information criterion (AIC), selected the best fitting model. The significance threshold of all statistical tests was set at the 5% level.
Results
About a third (34%) of respondents stated that they felt severely affected by heat ('high levels of heat stress'), 57% moderately ('medium levels') and 9% were little affected ('low levels'). Bivariate analyses showed that, as expected, healthy respondents reported lower levels of heat stress than unhealthy respondents ( 2 = 8.03, df = 2, p = 0.0180) and the more physically active people were in their daily activities, the higher their heat stress levels (KW = 7.58, df = 2, p = 0.0226). Significantly more women than men were in the highest heat stress category (37% vs. 30%). Other characteristics which were expected to affect heat stress such as age, income, time spent outside during the day, climate, the location (island group) and the use of air-conditioning at work and at home had no significant direct impacts on the levels of heat stress (see table 1 ).
Population density per km 2 was positively associated with the level of heat stress (KW = 11.22, df = 2, p = 0.0037) with a median population density of 1467 for respondents in the lowest heat stress category, 2929 in the medium and 3044 in the highest categories ( figure 1 ). This means that half of the respondents who felt little heat stress (9% of sample) lived in urban areas with a density of 1467 people per km 2 or less, and that half of the remaining 91% more severely impacted by heat (medium and high levels) lived in areas from about 3000 people per km 2 up to 41 500 km 2 (Manila City). The share of people little affected by heat was 11% in all areas with fewer than 3000 people per km 2 and dropped to 7% for all areas with a population density of 3000 or more. In areas of over 7500 people per km 2 (the approximate average density experienced by those in the medium and high heat stress categories), this share drops to 4.5% (see figure S1 in supplementary materials).
Air-conditioning at home and at work were highly correlated, so we only used air-conditioning at home for further analysis (figure S2 in supplementary materials) because cooling while sleeping may increase sleep quality and therefore the capacity to cope with heat the following day [51] . Also, respondents are likely to spend more time at home than at work. We had expected that the use of air-conditioning would have relieved heat stress, but there was no direct bivariate relationship (table 1) . However, the use of air-conditioning and heat stress were both correlated with population density, with people in densely populated areas more likely to have air-conditioning at home (figure 1). Sixty-four percent of highly stressed respondents had air-conditioning at home (vs. 45% on average). It was therefore striking that people in the most densely populated areas were not less heat stressed if they had air-conditioning, but more. On further analysis we found that, while air-conditioning might help reduce heat stress in less densely populated areas, no relationship could be detected for the densest populations ( figure S3 in supplementary materials) .
The results of the best fitting MNL model, run with the three levels of heat stress (low, medium, high) as dependent variables (see Methods), also showed that people in less densely populated areas were more likely to have reported low (p < 0.01) and medium (p < 0.05) levels of heat stress than high levels (table 2). The odds of being in the lowest heat stress category, compared to the highest, decreased by 0. People living in a subtropical highland climate (Cwb) were 77% more likely (OR: 3.72) to be in the lowest heat stress category than those in the other climate zones, which is unsurprising because temperatures are generally cooler in highland areas. However, only a small proportion of the country has a subtropical highland climate (Cwb) with the dominant climates being equatorial/tropical rainforest (Af), monsoonal (Am) and tropical savanna climates (Aw; much of Metro Manila). People in Mindanao (mostly Af) were 70% less likely to be in the lowest (OR: 0.44), and 60% less likely to be in the medium heat category (OR: 0.68) than people from the other two island groups.
Healthy respondents were 70% more likely [2.34/(2.34 + 1)] than unhealthy respondents to report low levels of heat stress. The higher their physical exertion during the day, the less likely people were to be in the low heat stress group. These results were all as expected, including the non-linear relationship between heat stress and age, although our sample does not contain people older than 60 years. Older people were more likely to report low levels of heat stress, which is most likely to be related to social conditions, such as a capacity to afford air-conditioning or the extent to which they need to use public transport. The effect of age lessened as age increased (negative coefficient of 'age squared'), which may have been associated with poorer health.
People with air-conditioning at home were 88% more likely (OR: 7.56) to be in the lowest and 70% more likely (OR: 2.35) to be in the medium heat stress category than those without. The interaction effect between air-conditioning at home and population density (Airconditioning use * Density) was highly significant and negative, confirming our earlier findings that having air-conditioning at home increases the odds of being in the low and medium heat stress categories (i.e. relieving heat stress), but more likely for respondents who live in less densely populated areas.
Discussion and conclusions
We conclude that the Philippines already faces substantial challenges because an increasing urban population is already severely heat stressed. The urban population appears to be coping poorly with heat, a problem that will be exacerbated by climate change. Public health interventions need to be directed at areas with the highest densities and where people of poor health live as well as those who cannot afford air-conditioning.
Our finding that air-conditioning might not deliver heat stress relief universally, with people living in the densest areas gaining the least benefit, was particularly notable. While there is little research directly linking poor sleep to coping with heat [51] , heat affects sleep Note: N = Number of respondents; SD = Standard deviation; df = Degrees of freedom; KW = Kruskal Wallace. Income had 11 categories, ranging from 1 (less than 10 000 PHP per month, before tax) to 11 (more than 250 000 PHP per month); 1 USD = 51 PHP (October 2017). Physical exertion of daily activities was measures on a scale from 1 (very low) to 10 (very high). quality [52] and sleep quality affects subsequent performance [53] . We had therefore expected that those who could afford air-conditioning at home would be less heat stressed as they can relieve it by cooling throughout the night, minimising the cumulative effects of high temperatures. However, our results suggest that cooling relief at home is inadequate. We suspect that this is because people still have to spend a substantial amount of time in non-air-conditioned environments such as in offices or public transport. The contribution of trans- Note: N = Number of respondents; SE = Standard errors; CI = Confidence interval. Significance codes: * * * = 1%, * * = 5%.
port to heat stress is likely to be particularly high in high density areas such as Manila. The traffic infrastructure of the city is unable to adequately service the growing urban population, growing demand for mobility and increasing numbers of private and public vehicles [54] . The resulting traffic congestion means that people spend extended periods commuting for work or other daily activities; Manila has the sixth highest average commute time of any city in the world [55] . This transport problem aggravates the effect of heat stress felt by the traveling public, especially public transport commuters. Public transportation is largely undertaken in non-air-conditioned vehicles with 'jeepneys', buses, motorized and non-motorized tricycles being the main transport modes used by commuters [56] . Many public vehicles are not air-conditioned and the comfort of those that are (buses and metro rail transits) is offset by overcrowding, especially during peak hours [56] . In addition to the actual commuting time, people often wait for lengthy periods, mostly outside, to get transport in the first place. Other urban agglomerations such as Davao and Cebu cities are also almost entirely road based, facing the same problems [56] . Another reason why air-conditioning might not have the desired effect is urban morphology. The lack of airflow associated with overcrowded housing reduces air quality and raises heat and moisture levels inside, making air-conditioning less efficient [57] . This is also most likely in the densest areas where many people share housing because rent is so expensive. An alternative explanation would be that the widespread use of air conditioning reduces physiological acclimatization and can therefore make people more susceptible to heat see [58] .
Increasing the number of air-conditioning units installed will contribute further to the UHI effect [11] and so may be counter-productive if adopted as the only solution. Instead, air-conditioning as an adaptation strategy to heat needs to be combined with other planning policies such as the protection and creation of green and blue spaces such as parks [59] , passive cooling of buildings such as retrofitting of reflective coatings to buildings [60] , and modifications of the existing built environment through, for example, green and cool roofs [61] and cool pavements [62] . Information on the geographical location of people in high heat stress categories can also help the planning of urban infrastructure to reduce heat stress.
However, if this strategy is adopted, care must be taken to avoid unintended consequences detrimental to the poorest members of society. In wealthier cities around the world, the gentrification of city centers has followed the creation of public green spaces [63, 64] , increasing rents and property prices. The gentrification of cities in South East Asia, including Manila [65] , has mostly been happening as a result of large-scale privatesector development, preserving large green areas or creating new ones (see, e.g. [66] ) but this may also push poorer people into cheaper, less green areas, potentially requiring them to spend even more time commuting. So in certain areas of high density where gentrification might become an issue, alterations to houses themselves might be preferred as a more equitable adaptation strategy. As it is, high levels of heat stress in the Philippines may aggravate climate injustice since the burden of climate change will be felt most by the poorest segment of the city [12, 67] especially if exacerbated by green inequality from poor policies and urban planning [68] .
Most climate change impact research in tropical non-OECD countries has concentrated on the effects of extreme weather events such as floods and typhoons, particularly on rural communities, rather than increases in heat. Based on our results, more research on the urban impacts of heat and adaptation is warranted, particularly in developing countries [68] . This is particularly true for the Philippines, where the number of people in urban areas is predicted to double from 50 to 100 million by 2050, by which time about 65% of the national population is expected to live in cities [35] . Our research suggests that more detailed analysis of self-reported heat stress, including in rural areas, is warranted, as well as an examination of secondary data such as hospital admission or other data that can be linked to periods of extreme heat, as done elsewhere, mostly in developed countries e.g. [69] .
